The spontaneous expression of a type C virus in a diploid strain of human embryonic lung fibroblast-like cells (HEL-I2) was examined during serial culture. Virus antigen expression was determined by indirect immunoftuorescence with antisera to disrupted simian sarcoma virus and the 28 o0o mol. wt. internal antigen of the endogenous cat virus RD-I 14. Virus production was examined by reverse transcriptase assays of culture fluids. Virus antigens were not detected for 25 days after frozen, primary HEL-t2 cells were reinstated in culture. The cells expressed virus antigens but did not release virus particles between 25 and 8o days. Spontaneous virus release and maximal antigen expression occurred in cells grown for 8o to r 20 days. Virus particles were not detected after 12o days although virus antigens persisted until the experiment was terminated. The HEL-12 virus was infectious for cell cultures of human, rhesus monkey, dog and rabbit cells. The proportion of SiSV-like and RD-II4-1ike antigenic components of HEL-I2 virus were altered by passage through heterologous cells suggesting heterogeneity of the HEL-12 virus population.
INTRODUCTION
The spontaneous release of type C virions from a strain of human embryonic lung fibroblasts (HEL-I2) has been reported (Panem et al. I975, 1976) . These virions, called HEL-~2 virus, have properties of mammalian type C viruses and share antigenic components with simian sarcoma virus (SiSV), gibbon ape lymphosarcoma virus (GALV) and the RD-II4/CCC group of type C viruses (Theilen et I974; Sherr & Todaro, i974) .
The present work was undertaken to determine the time course of type C virion expression in HEL-I2 cell cultures which were grown from frozen cell stocks. The expression of antigens, kinetics of viriov release and infectivity of HEL-Iz virions were examined.
METHODS
Cells. HEL-IZ culture stocks were obtained frozen from M. O. Beem, University of Chicago, Chicago, Ill. Primary cultures were established in August, I974 from the lungs of an 8-week-old human embryo. The mother was a 3 ~-year-old black gravida IX, para VII who was admitted to Chicago Lying-In Hospital for termination of pregnancy. Primary HEL-Iz cultures were grown in Eagle's minimal essential (MEM) with IO ~ heated foetal S. PANEM AND OTHERS calf serum in glass bottles (Prochownik, Panem & Kirsten, i975) . The cells were removed by trypsinization after the cultures became confluent. Cells from primary cultures were frozen in glass ampoules in Eagle's MEM with ~o % dimethylsulphoxide (DMSO). The HEL-I2 cell stocks used for the present work were stored at -95 °C for 4 to 8 months, thawed at 37 °C, and seeded in 250 ml Falcon tissue culture flasks (Falcon, Oxnard, Cal.) . Cultures were grown at 37 °C in a 5 % COs atmosphere. Growth medium was Eagle's MEM supplemented with ro % heat-inactivated foetal calf serum, Ioo #g of penicillin G/ml and Ioo Units of streptomycin/ml (GIBCO, Grand Island, N.Y.) . Commercial lots of MEM and foetal calf serum were examined for the presence of type C particles by thinsection electron microscopy and assays for RNA-dependent DNA polymerase. The serum media for the present work were negative for type C viruses by these assays.
Several cell strains or lines were used to study the infectivity of HEL-Iz virions. Serum Institute rabbit corneal cells (SIRC) were utilized between culture passages 475 and 488. A primary strain of rhesus monkey kidney (RMK) cells were used at culture passages 2 to 4. RMK and SIRC cells were obtained from M. O. Beem, University of Chicago, Chicago, Ill. A cell line of human foreskin fibroblasts (HFF) was used between culture passages 26 to 3o. The HFF line was established from three pooled newborn foreskins by E. Kieff, University of Chicago, Chicago, Ill. A7573 dog thymus cells were supplied by R. C. Gallo, National Cancer Institute, Bethesda, Md., and used between culture passages 25 to 3 o. SIRC, RMK, A7573 and HFF cells were grown in Eagle's MEM as described and subcultured at weekly intervals using trypsin-EDTA (Prochownik et al. I975) .
Infection of cells. SIRC, RMK, HFF and A7573 cells were plated at a density of 2 to 4 x io 5 cells in 30 ml Falcon tissue culture flasks with 4 ml Eagle's MEM. The cells were treated with 25 #g/ml DEAE-dextran (Pharmacia, Uppsala, Sweden) for 6o rain the following day and washed with fresh growth medium (Somers & Kirsten, 1968) . The cultures were then incubated with I ml of MEM or with ~ ml of spent growth medium from HEL-I2 cultures. The HEL-I2 medium was collected from cultures known to release type C virions I6 to 24 h after the last medium change. The culture fluids were filtered through a 0"2 #m nitrocellulose filter prior to use. After absorption at 37 °C for 9o min, the cells were washed twice with MEM and incubated at 37 °C in MEM. Fresh MEM was added to cultures at 3 days post infection (p.i.). The spent culture medium was collected 5 days p.i. for reverse transcriptase assays as described below. HEL-tz cells were subcultured on to glass coverslips which were collected 7 days post infection and fixed in acetone for immunofluorescence as summarized below.
Chromosomes. The method described by Wuster-Hill (I976) was followed. Briefly, logarithmically growing HEL-I2 cells were incubated for 3 h at 37 °C with MEM containing 20o #g/ml colchicine (Eli Lilly, Indianapolis, Ind.). Cells were washed with PBS, removed with trypsin-EDTA and collected by centrifuging for 5 min at 500 rev/min in a table top centrifuge. The cell pellet was resuspended in o'o75 M-KC1, incubated for I5 min at 37 °C and centrifuged as above. Incubation with 0.075 M-KC1 was repeated for 30 min. The cell pellet was covered with cold fresh Carnoy's fixative (3 methanol: ~ glacial acetic acid) and incubated for 3o min. The pellet was resuspended, allowed to sit for 3 min and collected by centrifugation. Fixation with fresh Carnoy's fixative was repeated for 7 rain. Chromosomes were spread on to cold microscope slides by dropping the resuspended cells from a height of 2o in and followed immediately by ignition fixation. Fixed slides were aged for at least 3 days at -20 °C before staining with Giemsa. Modal chromosome numbers were determined by examination of 2o to 50 individual metaphase spreads.
Assays of RNA-dependent DNA polymerase activity. Culture fluids were centrifuged * Metaphase spreads were prepared as described and the number of chromosomes/spread was determined.
through linear 30 to 6o ~ sucrose equilibrium gradients and assayed for RNA-dependent DNA polymerase (reverse transcriptase) as described (Temin & Baltimore, I972; Prochownik, Panem & Kirsten, 1976) . Indirect immunofluorescence. The antisera were pooled normal goat serum, goat antiserum (lot no. 3S-53) to tween-ether disrupted woolly monkey fibrosarcoma (simian sarcoma) virus The procedure for indirect immunofluorescence has been described (Panem & Schauf, 1974) . Briefly, goat antisera were diluted with phosphate-buffered saline with I ~oo bovine serum albumin and incubated for 3o rain with acetone-fixed HEL-Iz cells. The cells were washed three times with PBS and incubated for 30 min with rabbit anti-goat IgG fluorescein conjugate (Hyland, Costa Mesa, Cal.) at a dilution of I ; 2,0. Cell cultures were washed three times with PBS and counterstained for IO min with o-oo5 ~ Evan's Blue. The cells were again washed three times and mounted. Fluorescence was evaluated on each specimen in a double-blind manner using an American Optical Microstar microscope fitted with a vertical illuminator and BGI2 and GB5I 5 filters.
RESULTS

Karyotype
Growth of HELq2 cells was initiated from frozen primary seed stocks. The cells were subcultured before the cell sheets became confluent and transferred to new flasks at a ratio of 1:3 every 5 to 6 days. The fibroblast-like HELq2 cells had a mean population doubling time of approx. 36 h. Although the HEL-12 cell stocks were frozen after a primary growth cycle and were presumed to be diploid, modal chromosome numbers were determined at various culture passages. A karyotype of 44 autosomes and 2 sex chromosomes (XX) was maintained during 119 days of cell propagation (Table 1 ). The observed variations from the diploid karyotype representing 6 ~ of metaphase spreads, are considered artifacts which developed during the preparation of the metaphase spreads. and anti-RDI I4p28 sera reacted with cells infected with SiSV or RD114 virus respectively, but did not cross-react (Table 2) .
Antigen expression was measured by the highest serum dilution which elicited fluorescence in at least 5 ~ of cells. Fluorescence was first observed after 25 days of in vitro growth with the anti-SiSV(TE) serum (Fig. I a) . The percentage of positive cells increased until 9o days when immunofluorescence was found in at least 95 ~ of cells with a I : Ioo serum dilution. Fluorescence was maximal after lO8 days, decreased by 115 days and persisted in a few cells for the duration of the experiment (I74 days). In contrast, antigen(s) cross-reactive with the anti-RDi i4p28 serum were detected for a limited time only (96 to IO8 days), and immunofluorescence was not found in more than 4o ~ of cells. The HEL-Iz cultures did not react with normal goat serum by indirect immunofluorescence. S + R-S + R + S + R + S + R + HEL-I2(RMK) virus S + R-S + R-S-R-S-R-HEL-12(A7573) virus S + R + S + R + S + R + S + R + MEM S-R-S-R-S-R-S-R-* HEL-I2 virus was obtained from culture fluids of HEL-I2 cultures after I IO days in vitro and used to infect RMK, A7573, HFF and SIRC cells. Seven days p.i., culture fluids were collected I6 to 24 h after the last medium change, and the cells were prepared for immunofluorescence (Methods). The spent culture fluids were used to infect freshly seeded RMK, A7573, HFF and SIRC cultures. Cells from each culture were fixed for immunofluorescence 7 days later. All slides were processed in parallel for immunofluorescence with control goat, goat-anti-SiSV(TE) and goat-anti-RDi Assays of HEL-Iz culture fluids for reverse transcriptase activity using poly(rA), oligo-(dT)~12-1s~ as template are shown in Fig. I b. As judged from the incorporation of 3H-dTMP, enzyme activity was not detected during the first 70 days, sharply increased to maximum levels on day ~o8 and had declined sharply by day I3o. Fig. I shows that the peaks of reverse transcriptase activity coincided with maximal antigen expression although antigen expression alone appeared much earlier.
Many budding and extracellular type C particles were repeatedly observed by thin-section electron microscopy during the period of maximal antigen expression and reverse transcriptase activity (Panem et al. I975) . The buoyant density of the particles was determined by incubation of replicate HEL-I2 cultures with medium containing Io #Ci]ml of 3H-uridine for 24 h (Prochownik et al. 1975 )-The spent culture fluids were concentrated and centrifuged through 3o to 60 ~ sucrose equilibrium gradients. A peak of isotope incorporation was found in the density range (~.I6 to I.~8 g/ml) characteristic of type C viruses (Fig. 2) . Unlabelled spent culture fluids from replicate HEL-I2 cultures were similarly processed by equilibrium gradient centrifugation and the material banding at the buoyant densities of I-I6 to I.I8 g/ml was pooled. Samples were assayed for reverse transcriptase using the synthetic polynucleotides poly(rA).oligo(dT)(12a8 ~ and poly(dA).oligo(dT)a~.xs~ (Temin & Baltimore, i972 ) . The particles in HEL-Iz culture fluids incorporated 3969oct/rain of 3H-dTMP with poly(rA), oligo(dT) as template, in contrast to IeIZ ct/min with poly(dA). oligo(dT)a2.~8~ as template. The more than 3u-fold preference of the virion-associated enzyme for poly(rA), oligo(dT) was observed with several samples of HEL-I2 culture fluids and is expected for virus reverse transcriptase (Goodman & Spiegelman, I97I) .
Infectivity of HEL-~z virus
Culture fluids from HEL-Tz cells were harvested during the period of maximal antigen expression, filtered and added to duplicate cultures of rhesus monkey kidney (RMK), dog thymus (A7573), human foreskin fibroblast (HFF) and Serum Institute rabbit corneal (SIRC) cells (see Methods). Infection was monitored 7 days p.i. by indirect immunofluorescence using control goat, anti-SiSV(TE) and anti-RD~4p28 sera. The results are presented in Table 3 .
Mock infected cultures did not develop immunofluorescence. In contrast, infection with HEL-I2 culture fluids caused antigen conversion in 5o to 75 ~ of RMK, A7573, HFF and SIRC cells when tested with the anti-SiSV(TE) serum. Fluorescence detected with the anti-RDII4pz8 serum was found in only 5 to 25 ~ of A7573, HFF and S1RC cells, whereas the RMK cells did not react with the anti-RDi i4p28 serum (Table 3 )-Thin-section electron microscopy of the four indicator cultures revealed budding and extracellutar type C virions in all instances (data not shown). Culture fluids from infected RMK and A7573 cells were also used for transmission attempts to freshly seeded RMK, A7573, HFF and SIRC cultures (Table 3) . Culture fluids from infected RMK cells transmitted to RMK and A7573 cells a component detectable with only the anti-SiSV(TE) serum, whereas HFF and SIRC cells did not react against either antiserum. In contrast, progeny virus from A7573 cells transmitted antigenic components reactive with both antisera to all indicator cultures. These findings suggest that the initial infection with HEL-I2 culture fluids was productive. In addition, the proportion of SiSV-like and RD-I I4-1ike antigenic components in the HEL-I2 virus population can be altered by passage through heterologous cells. The sequential expression of virus-related functions has now been observed with more than ten frozen HEL-I2 stocks which were reinitiated from frozen cell stocks over a period of ten months (Panem et al. 1976) . The sequential expression may reflect a low level of virus spread between cells of early-passage cultures, cellular control mechanisms over virus functions, or both. Recent cloning experiments of HEL-I2 cells have revealed that each of leight single-cell clones from antigen-negative and particle-negative HEL-I2 cells spontaneously expressed cytoplasmic antigens related to SiSV and RD-I~4 virus with continuous in vitro propagation (Panem, 2976) . Two of the eight clones also yielded low levels of a type C virus suggesting that the genetic information for virus synthesis is present in early-passage HEL-I2 cells. This interpretation is also supported by the recent findings that halogenated pyrimidines can induce virus from antigen-positive, virus-negative cells and that proviral DNA sequences are present in early-passage cells (E. V. Prochownik, S. Panem & W. H. Kirsten, unpublished data) . These DNA sequences hybridized specifically with iodinated RNA from HEL-I2 virus.
The present experiments also demonstrate that the HEL-I2 virus productively infects lines of human, rhesus monkey, dog and rabbit cells (Table 2) . Two antigenically distinct components can be recognized with antisera to SiSV and the RD-~ I4[CCC virus group by a single passage of the HEL-Iz virus through heterologous cells (Table 3 )-The findings suggest that the HEL-I2 virus population contains two major antigenic components. The type C virus isolated by Gallagher & Gallo (I975) from cultures of a patient with acute myelogenous leukaemia is likewise infectious and contains determinants which react with antigens of the SiSV-gibbon ape lymphosarcoma virus and RD-I I4]CCC virus groups (Teich et aL I975) . The antigenic relatedness of HEL-12 virus, SiSV and baboon endogenous virus was also observed with serum immunoglobulins of patients with leukaemia which inhibit the reverse transcriptases of these primate type C viruses (Prochownik & Kirsten, 1976) .
The presence of two antigenically distinguishable components raises the possibility that the HEL-I2 virus results from laboratory contamination of the human cell cultures by two unrelated primate type C viruses. Although the present experiments do not exclude this possibility, chance contamination is improbable since we have not worked with or grown cultures producing any of the known primate type C viruses. Furthermore, the stocks of primate type C viruses used in the present and previous work were purchased frozen and disrupted immediately. These viruses were obtained from outside sources after the HEL-12 cultures had already converted to virus-producers. In addition, proviral DNA sequences to HEL-12 virus can be found in early-passage HEL-12 cells which are negative for cytoplasmic antigens and virus particles (E. V. Prochownik, unpublished data). We have also demonstrated type-C virus specific immune complexes with an antiserum to HEL-12 virus in kidneys of patients with systemic lupus erythematosus (Panem et al. 1976 ). Antisera to SiSV and RD-114 did not detect these immune complexes (S. Panem, unpublished data), suggesting that HEL-I2 virus contains antigenic determinants not shared by SiSV or RD-1 I4 virus. Experiments by Aoki et al. (1976) further indicate that HEL-I2 cells express type C virus antigens cross-reactive with GALV and baboon type C virus which are recognized by natural human antibody.
Type C viruses have been isolated infrequently from human cell cultures (Gallagher & Gallo, 1975; Gableman et al. 1975; Nooter et aL 1975) . The present findings of temporal expression of HEL-12 virus may explain the alleged difficulties encountered by others in the isolation of type C viruses from human cell cultures (Stephenson & Aaronson, 1976) .
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